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Objective: To assess the 30-day mortality and morbidity rates related to carotid endarterectomy on a nation-wide basis. 
Design: Retrospective cross-sectional study based on vascular registry Finnvasc. 
Materials and methods: A total of 17 465 recorded vascular and endovascular procedures included exactly 1600 carotid 
endarterectomies performed by 104 surgeons in 23 hospitals. Fourteen per cent of the patients were operated on for 
asymptomatic carotid stenosis. 
Results: The combined mortality and permanent s roke rate was 3.3%, without any difference between operations done 
on symptomatic or asymptomatic patients. There was a clear inverse association between surgeon's carotid case load and 
poor outcomes in carotid surgery (p<O.O05), the critical patient mass per surgeon and year being 10 operations. There 
was no association between outcome after carotid surgery and hospital volume of carotid operations. 
Conclusions: Surgeon's experience in carotid surgery clearly improves the results of carotid surgery. 
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Introduction 
Carotid endarterectomy is a prophylactic operation 
designed to produce an overall relative risk reduction 
of subsequent stroke. 1'2 The efficacy of such a pro- 
phylactic operation is directly related to the peri- 
operative mortality and morbidity rates, 1 and the 
operation may even be harmful to patients at low risk 
of stroke. 2 The operative risk is affected by patient 
material, the expertise of the surgeon performing the 
operation and the quality of care available in the 
hospital in which the operation is performed. The Ad 
Hoc Committee of the American Heart Association 
(AHA) Stroke Council sreviewed available reports and 
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t The following surgeons are in charge of data collection for the 
Finnvasc Study Group: University hospitals: Lepdntalo M. and Kaarne 
M. (Helsinki); Loponen P. (Kuopio); YlOnen K. (Oulu); Salenius J.-P. 
(Tampere); Rajalin A. (Turku). Central hospitals: Lehtonen J. (Hameen- 
linna); Hakkarainen T. (Joensuu); Riekkinen H. (Jyvaskyl~i); Rissanen 
K. (Kajaani); Mfienpfifi I. (Kemi); Nikula P. (Kokkola); Kivivuori R. 
(Kotka); Huusari H. (Lahti); Vilkko P. (Lappeenranta); Tapaninen 
J. (Maarianhamina); Kostiainen S. (Mikkeli); Hannukainen J. (Pori); 
Forsstr&n E. (Rovaniemi); Kaartinen P. (Savonlinna); Jaakkola A. 
(Seinajoki); Luther M. (Vaasa). District hospitals: Kaarne M. (Jorvi); 
Sell H. (Lohja); Pitk~nen J. (Vantaa); Syrj~ R. (~ht~ri) 
made recommendations to the acceptable levels for 
combined death and stroke rates associated with ca- 
rotid endarterectomy according to discrete surgical 
indications. The acceptable upper limits were 3% for 
asymptomatic patients, 5% for patients who have had 
previous transient cerebral ischaemia, 7% for patients 
who have suffered a previous stroke, and 10% for 
patients undergoing surgery for recurrent carotid sten- 
os is .  3 However, as suggested by Campbell, 4 low mor- 
tality and morbidity rates reported in the literature 
are probably better than average results. Retrospective 
reviews represent he experience of the surgeon or 
surgeons preparing the report and they are under- 
standably not willing to publish mediocre or poor 
results .4 
Population-based community audits provide better 
insight into the average risk of perioperative com- 
plications. 1 Surgical registries offer a possibility to 
obtain information on population-based results; there- 
fore, a 4-year audit based on a nation-wide vascular 
registry, the Finnvasc registry, was undertaken to ana- 
lyse mortality and permanent stroke rates related to 
carotid endarterectomy in Finland. A special purpose 
of this study was to assess the organisation ofvascular 
surgical services and influence of surgical experience 
on the results of carotid surgery. 
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Patients and Methods  
Regular recording of surgical and endovascular pro- 
cedures for vascular diseases in Finland commenced 
on 1 January 1991 into a registry called Finnvasc 
registry. 5'6 This registry embraces a total of 5.1 million 
inhabitants, i.e. the whole population of Finland. The 
country is served by 16 central hospitals, with the six 
surgical departments of the five University hospitals 
of Helsinki, Kuopio, Oulu, Tampere and Turku serving 
as their referral centres. Also, four of the largest district 
hospitals practising vascular surgery contribute to the 
registry. Three private hospitals and 18 small district 
hospitals with little provisions for vascular surgery do 
not participate in the registry. 
The record forms are filled in by the surgeon or 
resident in charge of the patient and checked in every 
centre by the vascular surgeon responsible for the data 
collection. The 30-day follow-up was done mostly by 
neurologists, although some variation existed between 
centres. 
During the first 4 years a total of 17465 vascular 
interventions were recorded. Carotid surgery was 
done in all but three hospitals. The data included 
exactly 1600 carotid endarterectomies. Fifty-eight per 
cent of the operations were done in university hos- 
pitals, 41% in central hospitals and 1% in district 
hospitals. According to the questionnaire, in the 18 
district hospitals not participating in the Finnvasc 
registry no carotid operations were done and in the 
three private hospitals an average of five carotid op- 
erations per hospital were done annually. Fourteen 
per cent of the patients were asymptomatic, whereas 
86% have had transient ischaemic attack, amaurosis 
fugax or stroke before operation. Seventy-one per cent 
of the patients were male. The mean age of the patients 
was 63.7 years. The 1600 carotid operations were per- 
formed by 104 surgeons, but only 10 of them did 10 
operations or more per year. Twenty surgeons (19%) 
performed only one operation during the study period. 
The total number of carotid operations recorded at 
the National Hospital Discharge Registry was pro- 
vided by the National Research and Development 
Center for Welfare and Health (Stakes). These numbers 
were compared with the Finnvasc data. A random 
sample of 24 carotid operations were available from 
a previous Finnvasc registry reliability study, 7in which 
primary Finnvasc data and data of forms refilled later 
by each centre were compared. 
The software package Paradox 4.0 was used as the 
database program for the Finnvasc registry and SPSS 
for statistical analysis. The number of adverse vents, 
i.e. perioperative death and permanent stroke, was 
plotted against the number of operations performed 
by each surgeon and hospital, respectively. The as- 
sociations were described by means of lowess curve, 
i.e. locally weighted regression and scatter plot 
smoothing curve. 8The diversion of the lowess curve 
from expected ependency was statistically analysed 
with linear regression analysis. The risk factor analysis 
was performed by means of logistic multiple re- 
gression analysis. These risk factors included in- 
dication for carotid surgery, age, coronary artery 
disease (CAD), diabetes, chronic obstructive pul- 
monary disease (COPD), and hypertension. Surgeon's 
case load and hospital volume was also added to 
the multivariate analysis. Ninety per cent confidence 
intervals were used as proposed in recent epi- 
demiological literature. 9 
Results 
The 30-day combined mortality and permanent stroke 
rate after carotid endarterectomy was 3.3% (mortality 
1.2% and permanent stroke 2.1%). In addition to this, 
nine of the 20 deceased patients had a postoperative 
stroke prior to death. 
The combined mortality and permanent stroke rate 
varied considerably between different hospitals, ran- 
ging from nil to 20% (Fig. 1). In 19 of the 23 hospitals 
asymptomatic patients were also operated on and in 
five of these hospitals (26%) the combined mortality 
and permanent stroke rate for asymptomatic patients 
was over 3%. In four of the 23 hospitals (17%) the 
combined mortality and permanent stroke rate for 
symptomatic patients was over 5%. Reoperations were 
required in 77 (5%) of the 1600 operated carotid 
patients. In 55% of cases the indication for reoperation 
was bleeding, 31% occlusion of the carotid artery and 
14% suspicion of occlusion. 
The presence of diabetes (odds ratio 2.2, 90% con- 
fidence interval (CI) 1.3-3.7) and age (odds ratio 1.1, 
90% CI 1.0-1.1) were associated with higher mortality 
and morbidity rates in carotid surgery. Other potential 
risk factors, i.e. CAD, COPD, and hypertension, were 
not associated with an adverse outcome and also no 
statistical difference was found in the outcome of 
carotid surgery between patients operated on for 
symptomatic and asymptomatic carotid stenosis. 
An inverse association between the surgeon's carotid 
case load and the combined mortality and morbidity 
rate was found, as there was a trend towards better 
results after 10 carotid operations per year (p<0.005) 
(Fig. 2). This association was also found when sur- 
geon's case load was added to the multivariate ana- 
lysis. The association was not observed when the 
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Fig. 1. Combined mortality and permanent s roke rate in 23 Finnish hospitals performing carotid surgery during a 4-year period. The 
number beside the bar is the total number of carotid operations and the percentage number in parentheses indicates the proportion of 
asymptomatic patients operated. 
impact of the surgeon's total vascular case load on an 
adverse outcome in carotid surgery was assessed. No 
association was found between the hospital volume 
and adverse vents after carotid surgery. 
Comparison of the national hospital discharge re- 
gistry with the Finnvasc registry revealed that 10.6% 
of carotid operations were missing from the Finnvasc 
registry. The agreement concerning postoperative 
stroke and death was complete between the primary 
and the refilled Finnvasc data. 
Discussion 
Two prospective randomised multicentre trials have 
proven the superiority of carotid endarterectomy over 
medical treatment in symptomatic high grade carotid 
stenosis. 1°'1~ The results of these studies can be 
generalised only if the outcome of carotid surgery is 
also the same on population basis. 12 Surgeons par- 
ticipating in randomised trials are often highly qual- 
ified, and the results of an average vascular surgeon 
may not be comparable to the results of these trials. 
Thus, surgical practice should be based more on the 
results of each surgical unit rather than on the results 
of randomised trials, as they are often carried out in 
a tertiary referral hospital, while the clinical policy 
may be adopted by all institutions. 4'12 
Comparison of results of individual departments 
and surgeons based on the data of a vascular egistry 
is not without problems. The registration of patients 
and data should be valid. ~3'~4 In the validity assessment 
of the Finnvasc registry 19% of all operations were 
missing for the years 1991-1994 and there was 93% 
agreement for variables. 7 Although carotid operations 
were missing less frequently, these missing cases 
lowered the quality of this study, because operations 
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Fig. 2. The association between surgeon's carotid case load and number of deaths and permanent s rokes: (Q) surgeon, ( . . . .  ) expected 
number of deaths and strokes, ( ) lowess curve. The diversion of the lowess curve (locally weighted regression and scatter plot 
smoothing) from expected ependence (3.3% combined mortality and permanent s roke rate independent of the case load) was statistically 
significant (p<0.005). 
with adverse results might have higher tendency to 
escape registration. 
Surgical series show great variation in terms of 
combined mortality and permanent stroke rates re- 
lated to carotid surgery, ranging from nil to as high 
as 20.6%. 15-19 A similar variation between different 
hospitals was also observed in the present study. 
These numbers may be influenced by the patient 
selection process, the experience of the surgeon and 
the institution being audited. Although the mortality 
and morbidity of carotid endarterectomy have been 
shown to be related to the presence and severity of 
preoperative neurological deficits and to the medical 
condition of the patient, 2°'21 the variations in defin- 
itions of neurological events and the different pro- 
portion of low risk patients makes comparison 
between series very difficult. 4 In the present study 
there was no statistical difference in outcomes be- 
tween asymptomatic patients and patients with 
symptomatic stenosis. No good explanation could be 
found for this surprising finding. 
In the present study some 15-26% of the hospitals 
showed adverse event rates greater than those re- 
commended by AHA Stroke council. 3However, the 
overall results are comparable to those presented by 
Rothwell and Warlow. 22 They analysed fifty studies 
published since 1980 including 15 965 operations and 
reported that the overall combined risk of stroke and 
death was 5.60/0. 22 
Relatively little attention has been paid to the ques- 
tion of who should perform carotid endarterectomy 
and where the operation should be done. 12 There are 
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conflicting results as to the effect of the hospital volume 
on the immediate results of carotid surgery. 12'23'24 Our 
results emphasised the role of the surgeon over that 
of the institution. The surgeons' contribution is con- 
sidered to be the most important of all factors per- 
taining to good quality in carotid surgery. 12 Leape et 
al. 25 examined the relationship between the number of 
operative procedures performed by individual sur- 
geons; the great majority performed three end- 
arterectomies and 24% carried out just one 
endarterectomy a year. Segal et al. 26 found that only 
8% of the 652 surgeons who performed carotid end- 
arterectomies did more than 30 operations during a 
26-month period, 64% of surgeons did fewer than five, 
and 37% did only one endarterectomy during that 
period. Our observation is in accordance with these 
results. It is unclear whether more than a certain 
number of operations per Year is optimal for good 
results. In the U.K., it has been suggested that surgeons 
performing less than 10 carotid endarterectomies per 
year may have more complications than those un- 
dertaking more. 4 A study from the U.S.A. showed that 
surgeons performing less than three procedures per 
year have a tendency to higher complication rates 
than surgeons performing more than 12. 27 Most of the 
studies have, however, failed to show any association 
between the surgeon's case load and an adverse out- 
come in carotid surgery. 2s-32 One explanation is that 
inexperienced surgeons chose to deal with a higher 
proportion of low risk patients with asymptomatic sten- 
oses. 4 In our study no association was found between 
the surgeon's experience and the level of the preoperative 
neurological deficit. Our study is population-based and 
the large patient sample increases the reliability of the 
obtained results. The importance of surgical experience 
is clearly emphasised. The plateau of mortality and 
morbidity is not reached until 10 annual operations are 
performed. The critical mass for learning is thus the 
same as previously suggested in the U.K. 4 
The present results support he idea of centralising 
carotid surgery to few qualified surgeons. Surgeons 
must be asked to review their own results and should 
be advised not to operate for this disease if their 
results are not within the recommended guidelines, is 
Hospitals hould know their own results, and surgeons 
must be among the first, and not the last, to insist on 
it. 33 This auditing should be reflected in the planning 
of vascular surgical services. 
Acknowledgements 
We thank Ms Anita M~ikela RN for administrative assistance and 
Mr Jukka Ollgren M.Sc. for performing the statistical analyses. This 
work was supported by a grant from the Karin and Einar Stroehm 
Foundation. 
References 
1 MOORE WS, BARNETT HJM, BEEBE HG et al. Guidelines for carotid 
endarterectomy. A multidisciplinary consensus tatement from 
the Ad Hoc Committee, American Heart Association. Circulation 
1995; 91: 566-579. 
2 ROTHWELL PM. Can overall results of clinical trials be applied 
to all patients? Lancet 1995; 345: 1616-1619. 
3 BEEBE HG, CLAGETT GP, DEWEESE JA, MOORE WS, ROBERTSON 
JT, SANDOK B, WOLF PA. Assessing risk associated with carotid 
endarterectomy: a statement for health professional by an Ad 
Hoc Committee on Carotid Surgery Standards of the Stroke 
Council, American Heart Association. Circulation 1989; 79: 472- 
473. 
4 CAMPBELL WB. Can reported carotid surgical results be mis- 
leading? In: Greenhalgh RM, Hollier LH. Surgery for Stroke. 
London: W.B. Saunders Company Ltd, 1993: 331-337. 
5 SALENIUS J-P and the Finnvasc Study Group. National vascular 
registry in Finland - Finnvasc. Ann Chir Gynaecol 1992; 81: 
257-260. 
6 SALENIUS J-P, LEPANTALO M, YLONEN K, LUTHER M and the 
FINNVASC STUDY GROUP. Treatment of peripheral vascular dis- 
eases - basic data from the nation-wide vascular registry 
Finnvasc. Ann Chir GynaecoI 1993; 82: 235-240. 
7 KANTONEN I, LEPANTALO M, SALENIUS J-P et al. Auditing a 
nationwide vascular registry- the four-year Finnvasc experience. 
Eur J Vasc Endovasc Surg 1997; 14: 468-474. 
8 CLEVELAND WS. Robust locally weighted regression and smooth- 
ing scatterplots. J Am Stat Assoc 1979; 74: 829-836. 
9 CLAYTON D, HILLS M. Statistical Models in Epidemiology. New 
York: Oxford University Press, 1996. 
10 EUROPEAN CAROTID SURGERY TRIALIST'S COLLABORATIVE GROUP. 
MRC European Carotid Surgery Trial: interim results for symp- 
tomatic patients with severe (70-99%) or with mild (0-29%) 
carotid stenosis. Lancet 1991; 337: 1235-1243. 
11 NORTH AMERICAN SYMPTOMATIC CAROTID ENDARTERECTOMY 
TRIAL COLLABORATORS. Beneficial effect of carotid end- 
arterectomy in symptomatic patients with high grade carotid 
stenosis. N Engl J Med 1991; 325: 445-453. 
12 CAIROLS MA. Carotid endarterectomy: who should perform it? 
Eur J Vasc Endovasc Surg 1995; 10: 263-264. 
13 BERGQVIST D, TROJ~NG T, EINARSSON E, ELFSTROM J, NORGREN L. 
Vascular surgical audit during a 5-year period. Eur J Vasc Surg 
1994; 8: 472-477. 
14 ELFSTROM J, TROi~NG % STUBBEROD A. Adjusting outcome meas- 
urements for case-mix in a vascular surgical register - is it 
possible and desirable? Eur J Vasc Endovasc Surg 1996; 12: 459-463. 
15 SHAW RB, MYERS JK. Carotid endarterectomy: a review of surgical 
practice in a community hospital. Tex Med 1993; 89: 63-67. 
16 DEBORRD JR, MARSHALL WH, WYFFELS PL, MARSHALL IS, HUM- 
PHREY P. Carotid endarterectomy in a community hospital sur- 
gical practice. Am Surg 1991; 57: 627-632. 
17 BRIEN HW, YELLIN AE, WAEVER FA, CARROLL BF. A review of 
carotid endarterectomy at a large teaching hospital. Am Surg 
1991; 57: 756-762. 
18 HOYNE RF. Review of 272 consecutive carotid endarterectomies 
in a smaller community. Surg Gynaecol Obstet 1990; 170: 522-526. 
19 EASTON D, SHERMAN DG. Stroke and mortality rate in carotid 
endarterectomy: 228 consecutive operations. Stroke 1977; 8: 565- 
568. 
20 FODE NC, SUNDT TM JR, ROBERTSON JT, PEERLESS SJ, SHIELDS 
CB. Multicenter retrospective r view of results and complications 
of carotid endarterectomy in 1981. Stroke 1986; 17: 370-376. 
21 MOORE DJ, MODI JR, FINCH WT r SUMNER DS. Influence of the 
contralateral carotid artery on neurologic complications fol- 
lowing carotid endarterectomy. J Vasc Surg 1984; 1: 409-414. 
22 ROTItWELL PM, WARLOW CP. Is self-audit reliable? Lancet 1995; 
346: 1623. 
23 MERRICK NJ, FINK A, BROOK RH et aI. Indications for selected 
medical and surgical procedures - a literature review and ratings 
Eur J Vasc Endovasc Surg Vol 15, February 1998 
160 I. Kantonen et al. 
of appropriateness: carotid endarterectomy. Santa Monica, Cali- 
fornia: RAND corporations, 1986. 
24 HSlA DC, KRUSHAT ~¢]VI, MOSCOE LM. Epidemiology of carotid 
endarterectomies among Medicare beneficiaries. J Vasc Surg 1992; 
16: 201-208. 
25 LEAPE LL, PARK RE, SOLOMON DH, CHASSlN MR, KOSECOrF J, 
BROOK RH. Relation between surgeon's practice volumes and 
geographic variation in the rate of carotid endarterectomy. N 
Engl J Med 1989; 321: 653-674. 
26 SECAL HE, RUMMEL L, WU B. The utility of PRO data on surgical 
volume: the example of carotid endarterectomy. QuaI Rev Bull 
1993; 19: 152-157. 
27 RICI-IARDSONJD, MAIN KA. Carotid endarterectomy in the elderly 
population: a statewide xperience. J Vasc Surg 1989; 9: 65-73. 
28 FRIEDMAN P, GARB JL, BERMAN J, SULLIVAN C, CELORIA G, RHEE 
SW. Carotid endarterectomy. Clinical results in a community- 
based teaching hospital. Stroke 1988; 19: 1323-1327. 
29 CAFFERATA HT, GAINEY MD. Carotid endarterectomy in the 
community hospital. A continuing controversy. J Cardiovasc Surg 
1986; 27: 557-560. 
30 KRUPSKI WC, EFFENEY DJ, GOLDSTONE Je t  aL Carotid end- 
arterectomy in a metropolitan community: comparison of results 
from three institutions. Surgery 1985; 98: 492-499. 
31 SLAVISH LG, NICHOLAS GC, GEE W. Review of a community 
hospital experience with carotid endarterectomy. Stroke 1984; 15: 
956-959. 
32 KIRCHNER DL, O'BRIEN MS, RICOTTA JJ. Risk factors in a com- 
munity experience with carotid endarterectomy. J Vasc Surg 1989; 
10: 178-186. 
33 HERTZER NR. Presidential address: outcome assessment in vas- 
cular surgery - results mean everything. J Vasc Surg 1995; 21: 
6-15. 
Accepted 12 September 1997 
Eur J Vasc Endovasc Surg Vol 15, February 1998 
